Concern has been expressed over societal losses of plant species identification skills. These losses have potential implications for engagement with conservation issues, gaining human wellbeing benefits from biodiversity (such as those resulting from nature-based recreational activities), and early warning of the spread of problematic species. However, understanding of the prevailing level of species identification skills, and of its key drivers, remains poor. Here, we explore socio-demographic factors influencing plant identification knowledge and ability to classify plants as native or non-native, employing a novel method of using real physical plants, rather than photographs or illustrations. We conducted face-toface surveys at three different sites chosen to capture respondents with a range of sociodemographic circumstances, in Cornwall, UK. We found that survey participants correctly identified c.60% of common plant species, were significantly worse at naming non-native than native plants, and that less than 20% of people recognised Japanese knotweed Fallopia japonica, which is a widespread high profile invasive non-native in the study region. Success at naming plants was higher if participants were female, a member of at least one environmental, conservation or gardening organisation, in an older age group (than the base category of 18-29 years), or a resident (rather than visitor) of the study area. Understanding patterns of variation in plant identification knowledge can inform the development of education and engagement strategies, for example, by targeting sectors of society where knowledge is lowest. Furthermore, greater understanding of general levels of identification of problematic invasive non-native plants can guide awareness and education campaigns to mitigate their impacts.
Introduction
People are losing familiarity with the natural world, particularly in western countries, potentially resulting in a loss of ecological knowledge [1] , including the ability to identify even the most common species, as well as those of cultural significance [1] [2] [3] . This loss of familiarity and knowledge is cause for profound concern as it may lead to reduced appreciation of the natural world [2, 4, 5] , reduced motivation to protect species [4] , less willingness to support nature conservation organisations [4] , and perhaps a reduced ability to gain associated human wellbeing benefits, such as those resulting from nature-based recreational activities (e.g. bird watching; [6] ). Furthermore, poor identification skills may contribute to a reduced ability or willingness to engage in documenting and monitoring biodiversity. This includes the tracking of the spread of problematic invasive non-native species, where early identification can facilitate more successful and cost effective management actions [6, 7, 8] .
A handful of studies have examined societal knowledge of species identification, finding mixed results. For example, one investigation found Slovakian elementary school children (aged [10] [11] [12] [13] [14] [15] and university students were able to identify 30-48% of common bird species [9] , another that children aged 4-12 in Scotland, UK were able to identify 56, 43 and 44% of arthropod, bird and mammal species respectively (out of 40 species randomly drawn from 68; [10] ), and a third that children were better able to identify artificial Pokémon characters than common native wildlife [11] . However, empirical evaluations of people's identification skills are scarce and this is particularly true for plant species. Despite having the advantage of being immobile, relatively well described and provisioned with field guides (at least in most Western countries), plants have the disadvantage of lacking the charisma of many bird and mammal species, are significantly more diverse, are often morphologically different between seasons and life-stages, and are widely regarded as difficult to identify [3, 12, 13] . Those studies that have been conducted have typically found low levels of plant identification skills [3, 6, [14] [15] [16] . For example, visitors to urban greenspaces in the UK could on average correctly identify only one out of four plant species common to that area [6] , and only 10% of 18-24 years olds in the UK could correctly identify ash Fraxinus excelsior, one of the most common tree species in that region [16] . This said, some studies have found higher levels of identification of common plant species, for instance 70% of participants in one analysis correctly identified buttercup Ranunculus spp. [1] . Studies exploring identification skills of invasive non-native species are even scarcer than those of natives. A study of the Australian public found a 20.5% error rate when distinguishing native frogs from the harmful invasive non-native cane toad Bufo marinus [17] . To our knowledge, however, no study has examined people's ability to identify problematic invasive non-native plants.
Studies examining identification skills have tended to focus on particular sectors of society (e.g. students; [14] ), plants associated with particular locations (e.g. [6] ) and, with one notable exception [3] , most have used photographs or illustrations of species. Although several sociodemographic variables have been identified as important in predicting plant identification skills, including age [1, 14, 16] , gender [12, 15] and level of education [3] , their relative importance has seldom been explored. Greater understanding of socio-demographic factors influencing plant identification skills could assist with targeting awareness and educational campaigns in sections of society where knowledge is low.
In this study we ask three questions. First, which socio-demographic factors influence people's ability to name common plants and their ability to classify plants as native or non-native? Second, how is plant identification knowledge obtained? Third, what are levels of support and motivation for learning plant identification skills? To achieve this we surveyed people with a range of socio-demographic circumstances and used real plant specimens to test identification skills.
Methods

Ethics statement
Permission for this survey was granted from the University of Exeter Ethics Committee. All participants were provided with a brief description of the study and gave written consent before beginning the survey. All responses were anonymous.
Survey design
The surveys were conducted at three sites in the town of Falmouth, Cornwall, UK, during August 2013. These were chosen to capture a cross-section of society and comprised two beachside locations and one town centre location, with the goal of engaging as a wide a range of people (over 18 years of age, and UK residents) as possible. Each site was visited an equal number of times and participants were selected at random. The surveys (total n = 220) were delivered face-to-face, with one participant at a time, and were completed on site. For consistency, it was delivered by the same individual (first author, BR) in all cases. The survey comprised 14 questions (S1 Table) , and was piloted several times before being formally administered to refine the method and wording of the questions, following guidance from Bernard (2011) [18] .
First, participants were asked to identify samples of real plants, using a mix of fresh cuttings and potted plants purchased from a local garden centre. Using real plants, rather than images, allows the participants to gain a better idea of smell, size and texture of the plants. The plants used comprised six natives: Lavender (Lavandula angustifolia), Rose spp. (Genus: Rosa), Common Heather (Calluna vulgaris), Blackberry (Rubus fructicosus), Ivy (Hedera helix) and Bracken (Pteridium aquilinum); and six non-natives: Hydrangea spp. (Genus: Hydrangea), Fuchsia spp. (Genus: Fuchsia), Montbretia (Genus: Crocosmia), Red valerian (Centranthus ruber), Buddleia (Buddleja davidii), and Japanese knotweed (Fallopia japonica). This set of species was determined following consultation with experts with specialist knowledge on gardening and ecology (n = 8); these included ecological consultants, academics and garden centre employees. Each expert was asked to provide a list of 12 plants, six native and six non-native, that were relatively easy to identify, common in UK domestic gardens, and medium sized. Plants were considered non-native if they first occurred in Britain after AD 1500 [19] . Experts were asked to include native and non-native plants that are actively planted and frequently valued, as well as native and non-native plants that grow wild in gardens without assistance, and plants sometimes considered a nuisance (although this is subjective and some plants fit both criteria). The authors combined these lists with literature-both academic and non-academic -on common UK plants and their flowering times (e.g. [20] and [21] ) to select the final 12 plants. The majority of plants were flowering at the time the survey was conducted. Japanese knotweed was chosen as an example of a problematic invasive non-native plant as it is considered one of the most ecologically and economically damaging invasive non-native plants in the UK, where it is widespread in a variety of habitats [22, 23] . In 2010 Japanese knotweed was estimated to have cost the UK economy £165 million [24] . After giving a broad definition of 'nonnative species' and revealing the plant names, participants were asked whether the plants (or close relatives of) were native or non-native.
The second section of the survey presented participants with statements regarding their attitudes towards plant identification, such as whether the individual thought it was an important skill to have, as well as if and how they learned their plant identification skills, and whether or not they were motivated to learn more. These questions were assessed using a five point Likert scale of 'strongly disagree', 'disagree', 'neutral', 'agree', or 'strongly agree' [18] . The second section also included questions addressing how much participants had been taught plant identification skills in the past and how these skills were obtained. The final section obtained data on socio-demographics (age category; gender; education level; membership of environmental, conservation or gardening organisations; garden ownership; and if participants were resident in Cornwall or elsewhere in the UK). The socio-demographic variables were chosen based on factors found to be important in explaining ecological knowledge from case studies within the academic literature (e.g. [1, 3, 10, 14, 15, 16] 
Statistical analysis
All analyses were carried out in R (3.0.3) [26] . No collinearity was found between explanatory variables (assessed using Pearson's correlation coefficient with cut-off <0.8) [27] . Generalised linear mixed effect models (using the 'lme4' package [28] ) with a binomial error structure were constructed to explore the effect of socio-demographic factors selected a priori (age; gender; education; membership of environmental, conservation or gardening organisations; garden ownership; and if participants were resident in Cornwall or elsewhere in the UK-all categorical) on participants' abilities to name plants and classify plants as native or non-native (response variables). The response variables were entered into the model as number of correct answers minus the number of incorrect answers (using the 'cbind' function). Survey location was included as a random factor. The global model contained all explanatory variables chosen a priori. Simplification of the global model was achieved based on Akaike Information Criterion (AIC) using the 'MuMIn' package [29] which holds functions to compare all possible sub-sets of the global model. All models with ΔAIC <6 were retained [30, 31] . Model averaging was used to calculate averaged parameter estimates and assess the relative importance of parameters using the natural averaging method [32] . R 2 values were calculated for the global models using the method described by Nakagawa and Schielzeth [33] . Parameters within the resulting averaged model were considered significant if the p-value was <0.05.
To test whether participants were better at identifying native or non-native plants a Mann Whitney U test was carried out as the data were not normally distributed. To explore if there was a correlation between participants' abilities to name plant species and their abilities to classify them as native or non-native, a Kendall's rank correlation test was carried out, as again the data were not normally distributed.
The relationships between responses to Likert-style questions exploring levels of support and motivation for learning plant identification skills (questions 3 to 6; ordinal data) and socio-demographic factors were analysed using a cumulative link model using the "ordinal" package [34] . Model averaging followed this using the method outlined above. Models using all five response categories did not converge, therefore these were condensed to three categories-'agree' (agree and strongly agree), 'neutral' and 'disagree' (disagree and strongly disagree).
Results
Participants scored a mean of 62.8% (s.e. = 0.19) when naming plant species (see S2 Table for full survey results). Participants were better at identifying plants if they were older, a member of an environmental, conservation or gardening organisation, if they were female, and if they lived in Cornwall (Tables 2A and 3A; see S3 Table for Fig 1A) . Participants scored a mean of 74.4% (s.e. = 0.11) when classifying plants as native or nonnative, with Buddleia most commonly misclassified (Fig 1B) . Participants better at classifying plants as native or non-native were male and had post-graduate qualifications (Tables 2B and  3B; see S3 Table for About half of participants (51.8%, n = 114) agreed or strongly agreed that knowing the names of plants was important to them. Higher levels of support were reported for children being taught plant names, for taking opportunities to learn plant names, and the majority (80%, n = 176) disagreed or strongly disagreed that they had no motivation to learn plant names (Fig 2) . Socio-demographic factors were not significantly related to any responses, with the exception of gender for question 6-'I have no motivation to learn the names of plants' (p = 0.009, confidence intervals = 0.24, 1.67, estimate = 0.95, standard error = 0.36, z value = 2.61). 26.8% (n = 59) of participants reported being taught plant identification skills 'a lot', 34.5% (n = 76) 'some', 31.8% (n = 70) 'a little' and 6.8% (n = 15) 'never'. Of the last group, five participants reported no methods of being taught and 10 reported being self-taught. 80% (n = 176) of participants reported learning plant identification skills from family, 47.7% (n = 105) being self-taught, 31.8% (n = 70) learnt at school, and 8.6% (n = 19) by attending courses.
Discussion
Using a novel methodological approach with real plants, rather than photographs or illustrations, this study asked three questions: (1) which socio-demographic factors influence people's ability to name common plants and their ability to classify plants as native or non-native? (2) how is plant identification knowledge obtained?, and (3) what are levels of support and motivation for learning plant identification skills? The results of our study suggest that participants from a broad cross-section of society were better at correctly naming plants if they were female, a member of at least one environmental, conservation or gardening organisation, in an older age group, or a resident (rather than a visitor) in the study area. Conversely, success at identifying plants as native or non-native was higher if participants were male and had post-graduate qualifications. Overall participants correctly identified c.60% of common plant species, and were poor at recognising Japanese knotweed (Fallopia japonica), which is a widespread high profile invasive non-native in the study region. Here we discuss our findings and their implications for engagement with conservation issues, the potential to gain human wellbeing benefits from biodiversity, and to engage in monitoring and tracking of biodiversity, including early warning of problematic species. Participants in this study scored significantly lower when naming non-native compared with native plants-this is similar to a previous study that found children were worse at identifying non-native than native arthropods, birds and mammals [10] . Although not all non-native plants cause damage, those that do can have significant ecological and socio-economic costs [8] . Of particular concern is that the widespread and problematic invasive non-native plant Japanese knotweed [23] was the second least identifiable plant. Japanese knotweed causes widespread ecological damage and can be expensive to control [22, 35] . In the UK Japanese knotweed is found within domestic gardens, where some of the problems it causes, particularly economic ones, can be most acute [36] . Given the private nature of domestic gardens, and the fact that many back gardens in particular, are secluded from view by passers-by, the presence of invasive non-native plants will be observed by only a few. It is therefore important that identification skills of such plants are high amongst the public to increase the chances of early identification and therefore successful and cost effective eradication.
The ability to identify invasive non-native plants in both domestic gardens and in the wider landscape is also important because it allows people to contribute towards citizen science projects that track them [37] . Data generated this way are valuable for scientific research exploring the drivers of the distribution of invasive non-native plants [38, 39] , which subsequently can inform policy and management recommendations to reduce their ecological and socio-economic impacts [40] .
Participants were surprisingly good at identifying common native plants compared with most previous research using traditional methods of pictures and illustrations. For example, one study in Sheffield, UK found that visitors to an urban green space could identify only one out of four plant species common to that area from photographs [6] . Another found that 86% of UK A-level students could only identify three or less out of ten wild flowers from illustrations [14] . This raises the possibility that the way in which identification skills are tested could be particularly important to the outcome. Using real plants is more reminiscent of the way people recognise and engage with plants in the environment as participants can smell and touch them, and gain a better idea of their size. Stagg and Donkin (2013) [3] also used real plants to test identification skills, however they used potted weeds, fresh winter twigs and dried seed heads. The latter two are less representative of what one would see in the environment, and may explain why some participants in that study had poor plant identification skills.
Half of survey participants were members of at least one environmental, conservation or gardening organisation, which was a significant factor in predicting better identification skills. Although comparable data are scarce, this may be higher than in other settings (e.g. 26% of participants in a survey in Scotland were members of 'wildlife, conservation or heritage' organizations; [41] ). It is likely that people who are more interested in nature to begin with are more likely to join such organisations, and therefore reap the benefits such membership provides, such as increased access to nature reserves, volunteer opportunities and regularly receiving magazines filled with nature-related content. However, there is likely to be some level of positive feedback once joined, and that membership of such organisations encourages greater interest in and engagement with nature, thus leading to better plant identification skills. Membership of environmental and conservation organisations has been shown to be correlated with other types of nature-related knowledge (e.g. status of protected areas in the UK by their users [42] ), and environmental behaviour (e.g. willingness to pay to prevent oil pollution in coastal areas [43] ).
Our survey also asked about membership of gardening organisations, responses to which included national organisations such as the Royal Horticultural Society and local gardening organisations. The reasons for joining, and benefits gained from, gardening organisations will likely differ from those for conservation and environmental organisations. Nevertheless, membership of such organisations could likely be an important way for people to improve plant identification skills. Increasing membership of conservation and environmental, as well as gardening organisations, and working through and with them is potentially an important tool for engaging the public with nature [42] , and thus improving plant identification skills.
Participants from Cornwall were significantly better at naming plants than participants from the rest of the UK. This could be explained by the much higher percentage of people in Cornwall who live in rural areas compared with the rest of the UK (61.4% and 18.5% respectively; [25] ). The increasing percentage of the world's population living in urbanized areas (predicted to be >80% by 2050 [44] ) has frequently been linked to reduced access and opportunities to engage with nature [2, 4, 5] , which could lead to loss of plant identification skills. Promoting opportunities for urban residents to access green spaces could help mitigate this trend [6, 45] .
Age was the strongest predictor of plant identification knowledge, with those aged 60 and over being the best at naming plants. This correlation is consistent with previous research (e.g. [14, 16] ). Age has also been found to be an important factor in other ways that people engage with nature, for example, participation in bird feeding activities [46] . It is, however, difficult to determine the causality of the relationship and whether younger generations will gain plant identification skills later in life or if this knowledge is being lost in younger generations. As evidence indicates that encounters with nature at an early age are important for promoting connections with nature [5] , encouraging nature experiences for younger generations should be a priority if we are to increase motivation to learn and improve plant identification skills.
To improve plant identification knowledge, pathways by which people commonly obtain such knowledge could be invested in and promoted. In this study these were via family and by being self-taught, which might be considered 'less formal' methods of learning. The least frequently reported pathways of learning plant identification skills were through more formal methods-at school and through attending courses. It is important to consider how investment in these less frequently reported pathways could improve plant identification knowledge. Consideration could be given to how changes to the school curriculum and creative methods of teaching used can rectify this, as called for by others [3, 10, 12] . Attending courses was the least frequent way participants reported learning plant identification skills: only 8.6% of participants reported learning this way. Whilst attending courses of this type is not suited to everyone's taste, consideration of potential barriers to attending such courses, such as time and moneyalthough these might also be deeper rooted and due to cultural and social differences-could assist in unlocking the potential in learning via this method.
To implement practical actions to improve species identification skills people first need to be aware of the importance of identification skills and have motivation to improve them. However, the contrast between only half of participants agreeing or strongly agreeing that learning plant names is important, and the high support reported for taking opportunities to improve plant identification skills, further highlights that the relationship and gap between ecological attitudes and ecological behavior is complex and difficult to address [47, 48] . Therefore, any measures to improve plant identification skills need to address the reasons why people learn plant identification skills and why some do not think they are important; more qualitative research techniques, perhaps using in-depth interviews could assist with this.
There were several limitations to this study. The factors in the model explaining plant identification, and even more so, the model exploring knowledge of what was native or non-native explained little of the variation. However, the overall conclusions were not changed by the model selection process as the same factors were significant in the global models (S3 Table) . This low explanatory power suggests that there are other unexplored variables contributing to these types of knowledge. It is also important to remember that this study was carried out in a 'post-industrial nation', where despite some plants still having cultural significance, plant identification skills have often become irrelevant for daily needs. For example, one study found that plant identification knowledge was much higher in India and Indonesia than in the UK, which they attribute to differences in culture and resource dependence in the three countries [1] . Therefore, perhaps the challenge lies in establishing the relevance and worth of plant identification skills [1] . One way in which this might already be happening for plants that have practical uses is through the renewed interest in foraging wild foods, particularly by younger generations [49, 50] . Blackberries or bramble Rubus fructicosus, are the best example from our results to demonstrate this as they are one of the most commonly foraged foods in the UK [50] .
The biggest challenge is perhaps how to increase motivation to learn identification skills for plants that do not have practical uses or cultural significance, such as some of the non-native species, particularly problematic invasive ones. To address this challenge there needs to be an increase in societal awareness and understanding of the relative costs and benefits of different non-native plants to biodiversity, as well as an increased awareness of the importance of early identification and eradication of problematic non-native plants. It is of profound importance that the challenges addressed in this study continue to be addressed to increase the likelihood that the benefits plant identification skills can bring are delivered, such as increased engagement with conservation issues, potential human wellbeing benefits, the monitoring of problematic species, and increased connectedness with nature [2, 4, 6] .
Supporting Information S1 
